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IUTESGRATED SY3TEMS OF LARGE=-SCALE ZIUTESRATICH
Xrystyna Jakubows
The vresent advances in the technoloegv of integrated systers
are directed mainiy at increasing the element racking densizy znd

Yy
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imeroving the zuality. This determines tc scrme extent the chelcse
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the type of frame, toth in terms of technical prarameters zand the ¢

of individual frames.

Since the cost of an individual structure has gone down, the
main component in the price of the complete element is ncw 1 r
and the cost of assembly. Therefore, the tvroducers cf frames, aside
from ocptimizing the frame construction, are ccnducting intens
zimed at lowering the costs of the frames and devising the least ex~

vensive ways of assembling them.

The frames of integrated systems may ze divided into twc classes
according to the material: plastic and ceramic. At cresent, toth
nave thelir enthusiasts and it 1s difficult tc state categecricallyr
which is better, taking into account botn technical raramete
the cost. Frames made of man-made materlals are chearer, tut less
reliable., The reliability of plastic frames has teen recencly greatly
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improved by the use of masking layers of silicon nitride o2 =
and appropriate design of the semiconductors. In addition, the
ber of defects during hermetization has decreased since new epoxy resin
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went into use (so=-called Polyset B produced by Morton Chemi
ISAY.

Some companies in thelr effort to lower the price cf the finished
elements have used man-made materials for hermetization of s
which even contain MOS type elements. In 1971, at Texas Instruments,
MNS elements went into production in plastic frames with 40 leads
wnich resulted in a 25% decrease in cost ccmpared with zerami: herme<-
1zation [1]. ’

Ceramic frames are more expensive. The price of a plastic Trame

for systems of larege scale integration is on the order of Z25-40 cents,
and that of ceramic frame, 95 cents [2]. This simple price compariscn
does not, however, reflect the full cost, i.e., 1t does not take intc
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account the differences in the cost of assembly and in the savings
cbtained for each type of frame., At the same time, ceramic frames

are more reli

abtle and may be used under the mest difficult ccnditions.,

The man-made

erials in

widely used method of imprinting hermetizaticn for

the case of systems cf large scale inftegraticn does no:

the nacessary requirements. Defects of wire leads (fcor nigher

egratlon one has tc deal with dczens o7 connectl

£ layers of the material which dces nct adhere suff

3o:s

corresive atmosch

o

101y, roor resistance to humidity,

rature changes are the vrincipal drawbacks

tional plastic frames.

ptimization of such frames and future

by hardered resin of appropriate share (pla
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such frames are procduced by cormranies
Microelectrcnics and *CS Tec
S. Electren

erly Interbound Systems) and

can Rockwell
their own use, whereas U,

e
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sell such frames.

are several more uctural
worth di (2,3,4].
a plate of materlal pressed ¢

nteresting str

2
-
s The frame USES (Figure

ether with the assembly

cusssing e
toge in

+

leazds are located at the plastic sur-

v

such a way that the ends of

QM‘ "\Q
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face. The plate cbtained is covered with a metal layer bty che

methods with a layer of i ¢f 1,25 um thickness and a 1.5 um layer

of Au.

Frame of the USES firm:
3-cover, LY-epoxy resin,

l-assenmtly lire, 2-metal-




The metal layer forms the base Tor making wire connections and
on the other side it touches the btent leads of the line, UYext, a
layer of rlastic with an orening at the center Is arrlied and con-
nected to the base of the frame. After metallization of fhe area
designated for the crystal, the frame is ready fcr assertling the
structure of integrated system. A cover is glued on tcp. This frarme
is characterized by a very high impermeability, esrecially tecause
metal paths are applied on pvlastic rather than intrcducing the ends
of assembly line into the frame. This construction of course, recuirss
fLhe knowledge of how to achieve metallization of man-made materi
This metaliization is characterized by better adhesiveness teo rl
than the assembly line which results in higher imrzermeszkil

3 Fal 1
ity o the

-\,

frames.

A disadvantage of such a frame 1s the necessity for makine the
coennecticns ty the ultrasound method, although recent studies have
canfirmed the Dossibility of apprlying thermo-compressicn u
resin and somewhat thicker metal vaths,

TRAME "WELL" (Figure 2). In this frame we have an z2luminum cla%e
embedded under the assembly line; this plate serves as an underlay
fer the structure during ultrasound connection of the wires. The vlate
is cxidized ancdally such that the consecutive leads of the assembl
line are isoclated from the "island" with the semi-cconductcr struct
The upper cover is connected with the frame by epoxy resin,

Figure 2. Frame of the WELL Company: 1l-assembly line, 3-
cover, 4-epoxy resin, 5-anodized aluminum plate

By using an aluminum plate, this frame makes 1t possible to make
the ccnnections by the ultrasound method., In addition, the aluminum




rlate increases the mechanical rigidity of the frame. A s a
construction Is used by the SCS firm, as shown in Figure 3. Accord-
e

ing to catalog data, 2 zuaranteed Iimperm eab lity of thes: rames 1
=

127 cm3/min for helium and in practice, it is 107-10‘ cm“/min for
helium.

Figure 3, Irame of the SCS firm: 1l-assembly line, 3=

cover, UL-evcxy resin, 5-anodized aluminum plate

FRAME "NRMEC" (Figure 4). Structures assembled in thnese “rames
are masked by a layer of silicon nitride (prctection against chemi-
cal and ion contamination) and by a layer of silicone rubter (zro=-
taction agzainst mechanical damage, shorts and corrcosicn of She

connections).

The structures are soldered ontc a gold-plated underlzy which

13 glued to 2 deprression having the shape o7 the rlastic wizh ths
ssembly line, Both the underlay and the cover are clued with ercxy
resin.

Figure U4, Frame of the NPMC firm: l-assembly line, 3-
cover, Hd-eroxy resin, 5-metal plate

FRAME "MCS Technoloey" (Figure 5). This frame is made in twc
operations of resin pressing. 1In the first a simililar share is cbt-
tained as in the other frames with a pressed assembly line. This
sharve 1s made of sllicone resin, After the crystal 1s soldered and
wire leads are made, covers are avplied from above and telow and the
entire structure 1s hermetlzed using pressing technicue with epoxy

2
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This combination of silicone and epocxy resin inc
sistance of the frames to humidity, cocrrosive atmesgh
and resistance to bending. Also, the price is low, 2

c

o

rame with 40 leads, only a few cents more than for

=
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"Complete" “rames. Some producers of integrated systems with
larce scale integration still use 40-lead frames manufactured by the
nventional pressing technique. For instance, Texas Instruments rer-
metizes more than half of its productlion by this method, including

08 tyre systems, However, the semiconducteor structures are then

stecially prepared, i.e., covered with glzze tefore hermetizaticon
{except fcr systems wlth very short switching time). In ccntrast <-

ic shapes discussed previously, in the case of "complete
silicone resin 1is universally aprlied, and rost rec
in Polyset 3 of the Morton Chemical Cc., USA. This resin

P

izn during solidification which assures gcod adhesiveness to the
zsgsembly line, the crystal and the wires., The termperature 27 the
resin change, i1.e., the temperature at which the exransion ccefficlienz
the plastic increases abruptly, 1s more than 1850°C snd fcr <hose

generally used until now, it is 110°-120°C,

L& & =

Tlgure 5., Frame of the firm MOS Technclogy: Ue-ercxy
resin, 6-metal cover, T-epoxy resin

Ceramic frames.

The frame DIP (eng. dual in plug), vroduced using the so=-called
TER-DIP technology (5] 1s a ceramic frame generally used for herme
e 8

zatlon of Iintegration systems, Usually, these are fram




1€ or 24 lszads. The frame is composed of two rectangular shapes of

alundunm ceramic (for special applications beryllium ceramic is used)
in which decrressions are formed (Figure 6), The ceramic shapes are
made by pressing in the cold the dry ceramic cowder in presses wlth
10-20T pressure, Small amounts of wax or arcother organic glue ar
added to the powder in order to bind the shape mechanically.

/. mmgnpua:unmuuu
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Figure 6. Frame of CER-DIP type. Key: l-ceramis ~over, Z-luw

melting glass, 3-ceramic share.

The ceramic prepared in this way i1s called "green”. The shaves
obtained have very low mechanical resistance and can be brcken ev
by hand.

AZter baking, the ceramic shacos are cover by lew-melting z
0? 0.,25-0.4 mm thickness. The semiconductor structures are assemcla=d
directly on the assembly line, similar to the prccedure for ol
frames, which is made of allcy 42 (42% N4, 58% Fe) of 0,13-0.3 m
thickness., The assembly bands are gzalvanlcally ccv

silver, nickel or aluminum. The choice of the cove
decided here cn the basis of economy. Over the last few years the
2ost of sillver batn has increased from $1.293 ver ounce tc $2.85%3

and then stabilized at $1.60~2.00 [6]. During the same fime the z:2s°
of zold has fluctuated tetween $35 and $42.2% rer cunce. At presen<
it 1s $40.25., Taking into account the reliability of the final ele-
ments, the best results are obtained by gold vlating ¢ tie bands 2nd
using g£0ld wire for the connections with the structure. Frequently,

the gold covering of the band is replaced by silver, A eccd qual‘“"

of the connectlcons can then be obtalned only bty using thermccempressic
by zold wire, Usine bands that are covered with aluminum, because of

easy oxidation of the coverine, it 1s necessary to use the ultrascund

I
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chnique for making the connections, The advantags c¢f this cholce
or covering metal combination (Al on band--Al wire--rme

on semiconductor structure) is the increased reliazbilic

e et i — ke ksl

y,
finished elements (absence of vurple disease and writz disease,
absence of connection potential when varicus metals are zonnectad
as well as considerable lowering of the cost of the s
bly (assumineg the price of aluminum for the unit ccst oF using silver
i3 66 and for eold, 1580) [6].

Assembly lines with assembled semiccnductor structurss zre de-~

rosited on ceramic shapes on top of a heater at atcus 350°7 for sev-
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1 dozens of seccnds and the tand is mechanically cor
laver of glaze. At this temperature <the glaze ‘5 scf4szned snd con-
+~

nected to the vand. At present, rrimarily recrystallizing zlazes ars
usad with the composition Pb0-ZnO~R 03, which crystallize zs Tt-In
ccrates. The typical glazes are CV97 of the Owens-Illincis Cormrany

cr Corning 7583. After application and preliminary heatinz during

the connection time of the ceramic with the assembly tand, ths zlaze
rerains amorvhous and begins to crystallize only during The final heaz-
ing 0of hermetization. This gives connecticns which ars twizcs a3 gccod
as those for non-crystallizing glazes. The process cf z2rystallization
i3 very criftical and should take place under cenditicons ¢? mzxi
2iuidity and highest rate of crystallization and thus 2% maximum term-
cerature, somewhat lower than the temperature of secondary melting
cf the glaze. The use of crystallizing glazes gives several advantages,
but 1t requires a very detailed thermal processing of the glaze, bet:
during the prelliminary heating and the hermetizaticon ¢f the e
Thus, for the glaze CVA7, the temperature of scftening is 350°C (term-
cerature of baking of the glaze on ceramic), the temperatur

~
[$%]
3
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stallization is UB9°C (temperature of hermetizaticn of the frames
the temperature of secondary melting is £33°C and is the maximum temger-
ature of the frames., Exceeding 1t causes deterioration of the rrorver-
tles of the glaze. The temperatures listed may vary depending on the
rate of heatine, the type of surrounding atmosphere and the temgeraturs
distritution in the oven. 1In order for crystallization tc occur only
during hermetization of the frames, and in order to zveid secondary

~3




rivern acnditicns ¢f oreraticon, 1t 1s n=cessary tc detesrmine ths o2rar-
‘ zeTaristic ftemreratures for the glaze being used sach tinme, e.z2.,

ty “he method cof differential heat analysis (enz, DTA)Y [7,2]. Thus,

“he ceramic sh C lconductcr struc-

re with attached assembly band and sem
v a 3econd ceramic share, is hermetize
a

nd-type oven at the crystallization temner-

Another tyre ¢f frame is shown in Fizure 7. It consiscs ol =
tlate ¢f alundum ceramic, tc which the assembly tand is atteached <:c-
zether with the second ceramic plate with a rectangular opening z-
the center,

Tizure 7, Ordinary ceramic frame of DIF tyre. ZHey: l-2cver,
2-scldering foil, 3-glaze, U-glaze or layer 22 Au, S5-

= 3 = J 3
ceramic,

T e A O P LY o= 3 PPN

The “rame prevared in this manner is ready for the assembl;y o7

o

elements, following which 1t 1is hermetized frcm zabove by a ceramic or
c

metal cover. The attachment ¢f the cover can bte achieved oy glaza c»r
eusectic 2lloy, e.c., 80% Au, 20% Sn (now the allcy 78-22% is »razom-
mended). TFrames o this %yre are very expvensive znd not utilized in
tractlice for systems of small and Intermediate Integraticn scals,

The widely used frame type DIP leaves a lot tc be desired in
terms of shape and mechanical resistance, esveciall; for systems with
a2 large number of leads. Therefore, for ceramic frames a totally new
concept has been developed, namely the edge mount vackage In which the ]
assembly band has been reclaced by rietallization on the

e
first time these Trares

axternal edee ccnnector, Figure 8, Tor the
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WyProwaazenia na caramice 3 ceramikd™'

tacznik za:iskouﬁ ’
AN

zocnnec-
deadge
nave been constructed by the firm Coors Porcelalrn, Zalden, Cclcradc,
in collavoration with American Micro-Systems, San%a Cizra, Califcrnisz,
AT present, they are vrcduced by nany American 2crmraniss, e.z., ~aT ;
Ceram, American Lava Co. Accordinge to ny users, such as, s.Z.,

ma
airchiid Co., These are the frames of the ‘future.

ame of thils type consists of an alundum ceramic vlate, cnio
which metal conducting vaths are devcsited, usua
cr Mn and, additionally, covered with nickel

o)
the paths and the area under the crystal are ccvered with a ooii izew

=
of about 2 um thickness. This vlate is covered with a layer of slun-

dum ceramic with a center openin The ceramic Is zcovered by z
g. vy Z

3

or by a metal necessary for hermetization, as in conventional “rames,
or Trames with a large number cf leads often several lavers of cera-
-

mic with metallization are used. The edge connector is made crivaril- ‘
¢ nylen with glass filling and the contacts are srrings of bervlliunm

tronze with gold covered ends

The main advantage cf the edge mount package

O

i
£ element packing and better heat removal (the 2lenm
cervendiculzsrly £o the assembly stage), as well a
the franme, the case of damage and change of elerment, the edge

of

I
cinnector remains the same which gives a saving

‘0O
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m design of a frame withcut leads
f San Diego (Figure 2). This fra
about 25 um thicknes

s
s between two ceramic plates.
~ave openings which 1 £

et the bolts of the assembly plate o
2utting through the Zoil., In this manner, voints
clate are connected to the leads of the Inftegcrated system
zest frames of this type have 51 leads at present [11

Ve can row distingulsh the most promising

1.
2,
3.

Ceramic
ceranic

clastic

frame with edege mount rvackage

frame

frame of DIP typve made of vlas

without

leads for assemb

[
<o




inte scecount the fact that “he cost of

cost of the structure and assem

also remember <hat an eventual lat
esads to high expenses related nct only tc

3 semicenduct

nes, but also to the assembly of semiccnduct

the users and the possibilitie

]

s
“vame are also important. Freguently,
the future rvossibility of its loc

ion accounts for the fact that many conca

tYy

rames since they are the easile2 tc trocduc
C

to become independen®t of outside sur

b1
the economy of any given fram
c

ey
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